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FORWARD

Groundwork on the USAF Academy's Airborne Laboratory, a concept
enthusiastically endorsed by Colonel Daniel H. Daley and Lt
Colonel Richard C. Oliver, began during the Spring semester of
1982. With the final approval of the Dean of the Faculty and the
Superintendent, a new Aero 495 course, "Flight Test Techniques,”
was taught for the first time during the Fall semester of 1982.
Designing the course, planning flight profiles, and handling
logistical and other administrative details were accomplished
with the help of Captain William C. Roberson. Instrumentation
support for measuring important in-flight parameters was provided
by Captain Theodore J. Moody of the Department of Electrical
Engineering and Mr. Thomas D. Fultz of the Department of Civil
Engineering. With the continued support of those mentioned above
and the prospective involvement of future members of the
Department, the Airborne Laboratory has enormous potential. Aero
495 is expected to become a permanent course in the Aeronautics
curriculum by the Fall semester of 1984, What follows is a
technical description of the course as it exists today along with
sample data and plots.
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AIRBORNE LABORATORY MEASUREMEX. OF AIRCRAFT PERFORMANCE
AND STABILITY AND CONTROL FOR LIGHT AIRCRAFT

Kent R. Crenshaw®
Abstract

N,

This report is a supplement to the article #Integration of
an Airborne Laborataery into the United States Air Force Academy
Academic Curriculum" in USAFA-TR-83-2. It contains the test
plans, flight test planning guides, and aircraft specifications
handouts used during the applications phase of the Department of
Aeronautics Airborne Laboratory. Sample calculations and plots
from actual flight test data taken by cadets are also included.
While the test plans, flight test planning guides, and aircraft
specifications were designed to be used with the Beechcraft
Sierra and Sundowner, the formats are sufficiently general so
that they can be applied to any single-engine, general-aviation
aircraft. Commonly recognized flight test techniques are used
for gathering data, and data reduction is accomplished using
accepted procedures._.

I. Introduction

The Department of Aeronautics Airborne Laboratory is divided
into two phases: "performance" and "flying qualities." Each
student receives two flights during each phase, using the Beech
Sierra to evaluate performance and the Beech Sundowner to
evaluate flying qualities. The geometry, performance charts, and
weight and balance data for each aircraft are shown in Appendix

A.

II. Performance

The flying portion of the performance phase is conducted
according to a test plan with a format similar to that used at
the AFFTC (Air Force Flight Test Center). The test plan, shown

in Appendix B, defines specific performance objectives that must

#Major, USAF, Associate Professor of Aeronautics, DFAN
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be met if the advertised performance of the test aircraft is to

be verified. It also serves as an administrative tool by
dividing the students into two separate test teams and by
addressing flying and ground safety considerations. Performance
parameters that are evaluated include maximum speed, range and
rate-of-climdb capability, service ceiling, and glide ratio.

Both performance evaluation flights last approximately one
hour with Flight 1 dedicated to gathering aircraft cruise and
turn performance data and Flight 2 to gathering aircraft climb
and descent data. A "Flight Test Planning Guide," shown in
Appendix C, is provided to assist the students in their
preparation for each flight. Mission events, pilot and student
responsibilities, and post-flight data reduction requirements are
clearly defined. In addition, data sheets, data reduction
sheets, and an "Initial Flight Test Report" form modeled after
AFFTC Form 365 are used. After each flight, the cadets submit
for grading a flight report that satisfies the requirements laid
out in the "Flight Test Planning Guide."™ See Appendix D for

sample performance data records, data reduction, and plots.

ITI. Flying Qualities

Like the performance phase of the Airborne Laboratory, the
flying qualities phase is conducted according to a test plan.
The test plan objectives (shown in Appendix E) are to evaluate

the Beech Sundowner 180 C23, both qualitatively and

quantitatively, as a primary trainer for Class I as defined in




MIL-F-8785C, "Flying Qualities of Piloted Airplanes." The
aircraft is evaluated for compliance with selected paragraphs of
this document. The test plan also serves the administrative
purpose described in the performance section of this paper.

Both of the flights in the flying qualities phase last
approximately one hour. Flight 3 is dedicated to evaluating
longitudinal and lateral-directional stability and control as
well as maneuvering flight. Flight 4 concerns dynamic stability
and stalls. A "Flight Test Planning Guide," shown in Appendix F,
outlines each flight in detail and helps the student to prepare
for flying and to reduce post-flight data. See Appendix G for

sample flying qualities data records, data reduction, and plots.

IV. Conclusions

While the test plans, flight test planning guides, and
aircraft specifications handouts contained in this report were
designed to be used with the Beechcraft Sierra and Sundowner, the
formats are sufficiently general so that they can be applied to
any single-engine, general-aviation aircraft. The test plan
serves primarily as a statement of purpose and objectives, but it
is also a useful administrative tool for organizing the flight
test effort and addressing safety considerations. The flight
test planning guide lays out the specific engineering
requirements for each flight. While this might be interpreted as
"leading the cadets by the hand," taking data in-flight is very

different from gathering data in a ground-based laboratory




environment. The flight test planning guide gives the individual
without experience in general aviation aircraft all the
information he or she needs to fly an effective and efficient
flight test mission. It eliminates guesswork about the specific
test parameters needed in-flight and makes the flight experience

both productive and rewarding. -

Symbols
English Symbols
(A) actual
ALT altitude
BHPy, brake horsepower, instrument and

weight corrected
BHP, standard brake horsepower from

engine chart

BHP, test brake horsepower from engine
chart
Cp coefficient of drag
CL coefficient of 1lift
Cp propeller pressure coefficient
c.g. or CG center of gravity %
(dH/dt.)d rate of climb with density
correction applied
(dH/dt)p rate of climb corrected for engine j

power and propulsive efficiency

DEG degrees




FWo

” g"
GPH

Hs or Hstd

H, or Heage

HR
IAS (V,)
IN

J

elevator stick force
rudder force

fuel flow

flight manual

feet per minute

feet per second

feet

forward

acceleration of gravity
load factor

gallons per hour

ground

calibrated altitude
indicated altitude
stick-fixed maneuver point
stick-free maneuver point
stick-fixed neutral point
stick-free neutral point
indicated pressure altitude
standard altitude

test altitude

horsepower

hour

indicated airspeed

inches

propeller advance ratio




L iy

KIA
KTS
L/D
MAC o
MAP
MCP
MIN
MPH
n, or
NAM
OAT
0/
(P)

R/C), or
R/C)p or
RPM
R/S

SAR
SE
SEC

S

)

max

rc

ntest

Rtest

(dH/dt)g 4
(dH/dt),

knots, indicated airspeed
knots

maximum 1ift over drag ratio
mean aerodynamic chord
manifold pressure

maximum continuous power
minutes

miles per hour

test load factor

nautical air miles
outside air temperature
overshoots

predicted from flight manual
pressure at altitude

sea level pressure
pressure

dynamic pressure

test turn radius

standard rate of climb
test rate of climb
revolutions per minute
rate of sink

planform area of wing
specific air range

specific endurance

seconds




T period of oscillatory dynamic

response
t2 time to double amplitude
ti1/2 time to 1/2 amplitude
T, absolute outside air temperature
T, indicated outside air temperature
T, standard temperature at altitude
T, test temperature at altitude
TACH tachometer
TED trailing edge down
TEMP temperature
TEU trailing edge up
VCAS (V¢) calibrated airspeed
Ve equivalent airspeed
Viw velocity, instrument and weight
corrected
Ve test indicated airspeed
Virue true airspeed
VvVl vertical velocity indicator
Qf fuel flow in pounds (1b) per hour
(hr)
W, or Wgeq aircraft standard weight
W, or Weegt aircraft test weight
Greek Symbols i
or w test turn rate |

"t test




1.

n propeller efficiency
8 pressure ratio p/p,

o density ratio n/p

0 density at altitude
°y sea level density
s bank angle
8, elevator stick deflection
GR rudder deflection
63 aileron control wheel deflection
8 sideslip angle
W, actual frequency
Wy undamped natural frequency
i damping ratio
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APPENDIX A

Specifications and Weight and
Balance for the Beechcraft
Sierra 200 C24R
and
Sundowner 180 C23
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I.

GEOMETRY

A.

lew

Three V

BEECHCRAFT
Sierra C24R

1

| |

|

|

Wing
Span, b

THREE VIEW

Mean Aerodynamic Chord, MAC

Area, S

Aspect Ratio, AR

Taper Ra
Dihedral

tio

32'9"
52.7"
146 fr2
7.5

1.0
6.0°




Al

Engine - Avco Lycoming, 4 cylinder

10-360-A1

Maximum continuous power (at sea level)
200 HP @ 2,700 rpm

Manifold Pressure Operating Range (15" to 28.7" Hg)

Propeller - Two-blade, Hartzell, constant speed
Aluminum alloy
Diameter 76"

Restricted Operation ~ 2,100 to 2,350 rpm

Cupacities
Passengers and Pillot

011
Fuel

Design Load Factor

2,750 pounds, flaps up
Airspeeds

Takeoff (flaps 15°)
Climb (best rate, Vy)
Climb (best angle, Vg)
Maximum Glide
Emergency Approach

Normal Approach (flaps down)

Cruise Climb

6
8 quarts
59.8 gallons

57.2 gallons usable

+3.8 to -1.9

Maximum Permissible Speed, VNE
Maximum Landing Gear Extended Speed

Maximum Flap Extension Speed

Maneuver Speed

1C Stall Speed (gear and flaps up, 2,600 1lbs)

66
85
71
91
74
70
96

KTS/76 MPH
KTS/98 MPH
KTS/82 MPH
KTS/105 MPH
KTS/85 MPH
KTS/81 MPH
KTS/110 MPH

168 KTS/193 MPH
135 KTS/155 MPH

96

KTS/110 MPI

125 KTS/144 MPH
65

KTS/75 MPH
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PERFORMANCE CHARTS
A. Pitot-Static Calibration Data
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Atmospheric Data
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C. Stall Speeds and Crosswinds
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b. Takeoff and Landing Data
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Climb Data
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Cruise Data

CRUISE POWER SETTINGS - 2700 RPM
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CRUISE POWER SETTINGS - 2400 RPM
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Section V

Pertormance
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FUEL FLOW vs BRAKE HORSEPOWER
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RANGE PROFILE - 37 GALLONS

ASSOCIATED CONDITIONS STANDARD DAY
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IV WETGHT AND BALAMCY
BASIC EMPTY WEIGHT ANO BALANCE
SIERHA 200 C24R. SER. NO. MC=513 ReG NO. N18892  patve 10-9-80
JACK POINT LOCATION PREPARED BY
FORWARD 1292 Comspany . .. _____ .
AFT 2859  Signatute .. .. -
HEACTION SCALE NET
WHEEL - JACK POINTS READING YARE WEIGHT ARM MOMENT
Pu—r MAIN 674,5
HIGHT MAIN 662,0 129,251 172744
NOSE OR TAIL 442 .5 57.313 25361
TOTAL (AS WEIGHED) 177%,0 1779,0 198105
Spaco Loiow piovived 101 8dBIIuNS and suDlieClions 10 85 - woighed cCondiugn
LESS 8 QY O1L -150 50 - 750
Plus: Fire Extinguisher +2.7 107.0 288.9
ELT + .6 259.0 155.4
EMPTY WEIGHT 1767.3 [111,92 197799
ENGINE OiL 150 %00 750
UNUSABLE FUEL 156 1250 1950
BASIC EMPTY WEIGHT 1797,.9 (111,52 200499

SIERRA 200 C24R

BASIC EMPTY WEIGHT AND BALANCE
SER. NO. MC=690 __ REG.NO. N6636D paTE 10-9-80

JACK POINT LOCATION PREPARED BY
FORWARD 1262 Compeny ____. . . B
AFT 2859 Signature . _ . _
REACYION SCALE NET
WHEEL - JACK POINTS READING TARE WEIGHT ARM MOMENT
LEFT MAIN 719,0
RIGHT MAIN 717.5 129,188 ] 185579
NOSE OR TAIL 396.0 56.563 22399
TOTAL (AS WEIGHED) _ 1832,5 1832,5 207978
Spece deiow provioed (o1 sadviions snd 10 88 - ghed cond
LESS 8QT OIL -15.0 55 - 750
Less Aft Ballast Weight -10.1 288,42 =2913
Plus: ELT + 2.7 259.0 + 699
ELT (correction) + 1,0 259.0 + 259
Fire Extinguisher + 5.0 126,.0 + 630
EMPTY WEIGHT 1816,1 113,38 205903
ENGINE OIL 150 500 750
UNUSABLE FUEL 156 1250 1950
BASIC EMPTY WEIGHT 1846,7 112,96 208603
A-21
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BEECHCRAFT Section VI

Sierra C24R Wt & Bal/Equip List
MOMENT LIMITS vs WEIGH
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Section Vi BEECHCRAFT
Wt & Bal'Equip List Sierra C24R

COMPUTING PROCEDURE

1 Record the Basic Empty Weight and Moment trom the
Basic Empty Weight and Balance form (or from the latest
superseding form} under the Basic Empty Condition block
The moment must be divided by 100 to correspond to
Useful Load Weights and Moments tables

2 Record the weight and corresponding moment trom the
appropriale 1able ot each o! the uselul load items (except
tuel) 10 be carred n the arplane

3 Total the weight column and moment column. The
SUB-TOTALS are the ZERO FUEL CONDITION

4 Determine the weight and corresponding moment for
the tuel loading to be used This tuel loading includes fue!
for the thght, plus that required for stan, taxi, and takeoH.
Add the Fue! Loading Conaition to Zero Fuel Condition 1o
obtan the SUB-TOTAL Ramp Condition.

5 Subtract the fuel 10 be used for start, tax:, and takeoff
10 arnve at the SUB-TOTAL Take-oft Condinon.

6 Subtract the weight and moment of fuel 1o be used

trom the take-off weight and moment The SUB-TOTAL
Congiiion of No 3 and No. 5. as well as the landing
congitton moment, must be within the mnimum and
max¥num moments shown on the Moment Limits vs Weight
graph for that weight. If the total moment s less than the
mimum  moment  atiowed, usefu! icad tems must be
shiheg aft, or forward load nems reduced If the total
moment s greater than the maumum moment allowed,
usefui load tems must be shifted forward, or aft load items
reduced If the quantity or focation of l0ad items 1s changed,
the csalcuiations must be revised and the moments
rechecked

6-14 November, 1980
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BEECHCRAFT Section Vi
Sierra C24R Wt & Bal Equip List

WEIGHT AND BALANCE LOADING FORM

MODEL SIERRA C24R DATE V.2 XY
SERIAL NO XXX REG. NO. _NVYVYYY
ITEM WEIGHT | MOM/100
! BASIC EMPTY CONINTION 1720 TN
N FHONT SEAT OCCURANTS vl YT
3 3rd & 4th SEAT OCCUPANTS 3411 482
4  5in & 6th SEAT OCCUPANTS 130 222
¢  BAGGAGE ? -
¢ cancs O —
7 SUB TOT D \3» 2530 2090
8 FUELL ING (37 val} 192 223
3 SUBTOTAL
RAMP CONDITION 2722 3215
10. *LESS FUEL FORSTART,
TAX!, and TAKE-OF F - N -4
11 SUB TOTAL
TAKE-OFF CONDITION 2714 3206
7 LESSFUELTO
DESTINATION (2S5 gali - 150 - 176
13 LANDING CONDITION 2564 3030

*Fuel for swry, tax: and take-off 15 normally 8 Ibs a1 an average
mom/100 of 9.

November, 1980 6-15
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Section Vi

Wt & Bal‘Equip List

BEECHCRAFT
Sierra C24R

USEFUL LOAD WEIGHTS AND MOMENTS

OCCUPANTS
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Section VI

W1t & Bal/Equip List
USEFUL LOAD WEIGHTS AND MOMENTS

BEECHCRAFT
Sierra C24R

Sth & 6th SEATS
ARM 171
Weight Moment Weight Moment

100 100

80 137 140 239

90 154 150 257
100 m 160 274
110 188 170 291
120 i 205 180 308
130 | 222 190 325
i 200 342

USABLE FUEL
ARM 117
GALLONS WEIGHT MOMENT/100
5 30 35
10 60 70
15 90 105
20 120 140
22 132 154
25 150 176
27 162 189
30 180 211
32 182 225
35 210 246
37 222 259
40 240 281
45 270 316
50 300 351
52 312 365
57 342 400
6-18 November, 1960
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BEECHCRAFT
Sierra C24R

Section Vi
Wt & Bal/Equip List

USEFUL LOAD WEIGHTS AND MOMENTS

BAGGAGE
ARM 167
Weight Moment Weight j Moment
100 1‘ 100
{ +
10 | 17 140 234
20 32 160 251
30 50 160 267
40 67 170 284
50 84 180 301
60 100 190 37
70 117 200 334
80 134 210 351
90 150 220 367
100 167 230 384
Mo 184 240 400
120 200 250 418
130 217 260 434
270 | as1 |
November, 1980 6-19
]
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1. GEUMETRY

A. Thrce View

BEECHCRAFT Sundowner 180
C23(M-1285 and After)

Section|
General

' o

THREE VIEW
B. Wing

Span, b 32'9"
Mean Aerodynamic Chord, MAC 52,7"
Area, S 146 ft2
Aspect Ratio, AR 7.5
Taper Ratio, 1.0
Dihedral 6.0°

A-32
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I1.  GENERAL
A. Engine, Avco Lycoming, 4 cylinder 0-360-A
Maximum continuous power (at sea level) 180 HP @ 2,700 rpm

B. Propeller, two bladed, fixed pitch Sensenich, diameter 76"

Restricted Operation 2,150-2,350 rpm
C. Capacities
Crew and Pllot 4
0tl 8 quarts
Fuel 59.8 gallons

52 gallons usable

D. Design Load Factor

(2,450 pounds, flaps up) +3.8 to ~1.9

E. Alrspeeds

Takeoff (flaps up) 65 KTS/75 MPH

Climb (best rate) 75 KTS/86 MPH

Climb (best angle) 69 KTS/79 MPH J
Max Glide 78 KTS/90 MPH i
Emergency App. 68 KTS/78 MPH

Normal App. (flaps down) 68 KTS/78 MPH

Normal App. (flaps up) 80 KTS/92 MPH

1G Stall Speed (flaps up, 2,450 lbs) 63 KTS/72 MPH

Maximum permissible speed, Vyg 152 KTS/175 MPH

A-133




II1. Performance Charts

A. Pitot=Static Calibration Data
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B —

B, Power<Off Stall Speeds

SectiunV

Parformance

BEECHCRAFT Sundowner 180
C23(i4-1285 and Altar)

POWER OFF STALL SPEEDS
wWEIGHT 2490 LBS:

Max:-mum sltitude loss during & noriral stull recovery is
spproximately 300 ft.

ANGLE OF BANK
LEVEL 30° 45+ 60~
FLAPS-UP
72 mph 77 mph 85 mph 101 mph
63 kts 67 kis 74 kis 88 kis
FLAPS - DOWN (35°)
59 mph 63 mph 70 mph 83 mph
51 kts 55 kts 61 kis 72 kts
' 5-12 February 1975
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c.

Crosswind Chart

BEECHCRAFT Sundowner 180 SectionV
C23(M-1285and After) Performance

WIND COMPONENTS
Demonetrated Crosswind Component Is 17kts/20mph

XAMP |

WIND SPEED 20 KTS
ANGLE BETWEEN WIND DIRECTION AND FLIGHT PATH 50°

HEADWIND COMPONENT 13 KIS
CROSSWIND COMPONENT 15 K1S
FLIGHT PATH

HEADWIND COMPONENT ~ KNOTS

NS

i
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|

e

[N
°©
"
od
o
- ©
Y]
e
-
o
>
1
-
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=
»
(-]
j
11

[¢) 10 20 30 40
CROSSWIND COMPONENTS ~ KNOTS

Februsry 1979 5-13
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D, Takeoff and Landing Data
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Climb Data

BEECHCRAFT Sundowner 180 SectionV
C23(M-1285and Atter) Performance

TIME, FUEL, AND DISTANCE TO CLIMB

ASSOCIATED CONDIMONS xapng
rowen o ™ ARSORT PRESSURE ALTTUDE 5680 FY
. ToEN £ SudimY Taat YO g 200 - g
Larg L TO CUMS 360 8 «
wWhIGNT 2450 199 QST TO CLAMS 37 12 - 19 MMt
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TIME TO CLIMB ~ MINUTES
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FUEL TO CLIMB ~ GALLONS
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§ 10 2 % A
DISTANCE TO CLIMB ~ NAUTICAL MILES
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F. Cruise Data

SectionV BEECHCRAFT Sundowner 180
Performance C23(M-1285 and After)
CRUISE PERFORMANCE
STANDARD DAY

POWER SETTINGS RANGE - NM.
ALTITUDE [ TMROTTLE FUEL FLOW] TAS [INITIAL FUEL ONBOARD
SEYTiNGS (USABLE)
[L{3 L P i GAaLMR I xTemen
2700 [ 132 124143 a7e 465
2800 2600 73 104 113/130 38 53
D00 «© 82 100/118 38 (™
2700 [_J 128 123142 272 an
31800 2500 n 101 112128 ne 581
2200 9 [ B 20/113 354 812
2700 84 128 123141 288 a
4800 500 70 08 111127 2 563
2300 59 80 |n Ise %7
2698 a2 120 1721140 %% L
5800 2500 68 LX) 110127 333 562
2300 58 79 9112 88 600
200 b J "e 1217139 o 812
4300 2800 67 94 100/128 k=1 572
2200 [ ] 79 98/110 M9 582
2680 ” M2 120138 308 N
7500 2500 [ ] 2 109/128 340 (3]
2300 57 1.9 98/108 0 87
2670 I as 119/136 EIT) 833
8300 2800 (2] 80 100/12¢ m 882
2300 &7 78 04/108 3 s
2687 7 108 17138 ne 562
9800 2800 64 [ X ] 107/123 ol "
2300 57 78 23/108 3e 871
2664 7" 032 118133 320 548
10.500 2500 -8 87 108/122 340 582
. 2300 87 79 91/100 s 586
NOTES: 1 Range inciudes tant, texs, chmd, and s 48 micute reserw st 2300 APM

2 Cruise performance is eted on DER DOwsr Misture LESN 10 mguimum APV

107 3 grven throttie seTiing

3 1t i recommended that use of tenks be #l1ernsted 00 that o fuel log be
g time 9 17 tonks
4 For s parucuier RPM the 1usl How Ind true 8110000 ma!! vBry wnth tempere
ture. To getermune n Hight fuel Mow, enter the tabie Bt the Aesrest Bititude
COreIPOnd:ng 10 the density #it1tude. snd the sctusl true irapeed
ABBOCIATED CONDITIONS:
Promure Altituae 4600 test
OAY s3°r
Indicared Airnpesd ARRN .Y
ENAMPLE:
Osnaity Altitude $200 oot
Actust True Avipeed 121 ke
ANitude on Table 5400 fem
Interpolaning Factor (121 kts i 92% of the
ditfeorence between 110 end 122 kes} 7
Fuol Fow (12006=245 92 =
22+90~-118 10

February 1979
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IV, Weight and Balance

Meximum Remp Weight = 2455 lbs
Maximum Take~off and Landing Weight = 2450 1bs
Maximum Baggage Compartment Load = 270 1bs
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BEECHCRAFT Sundowner 180 Saction Vi
C23(M-12856 and Atter} Wtand Bs}Equip List

COMPUTING PROCEDURE

1. Record the Basic Empty Weight and Moment from the
Basic Empty Weight and Balance form (or from the
latest superseding form) under the Basic Empty
Condimon block. The moment must be divided by 100
to correspond to Useful Load Weights and Moments
tables.

2. Record the weight and corresponding moment from
the appropriate table of each of the useful load items
{except fuel) 10 be carried in the airplane.

3 Total the weight column and moment column. The
SUB-TOTAL is the Zero Fuel Condition.

4 Determine the weight and corresponding moment for
the tuel loading to be used. This fuel loading includes
fuel for the flight, plus that required for start, taxi, and
take-off. Add the Fuel to Zero Fuel Condition to obtain
the SUB-TOTAL Ramp Condition.

5 Subtract the fuel to be used for start, taxi, and take-off
to arrive at the SUB-TOTAL Take-off Condition.

6. Subtract the weight and moment of the fuel in the
incremental sequence in which it is to be used from
the take-off weight and moment. The Zero Fuel Condi-
tion, the Take-Oftf Condition, and the Landing Condi-
tion moment must be within the minimum and maxi-
mum moments shown on the Moment Limit vs Weight
graph for that weight. i the total moment is less than
the minimum moment allowed, useful load items must
be shifted aftor forward load items reduced. If the tota!
moment is greater than the maximum moment al-
l'wved, useful load items must be shifted forward or aft
way items reduced. if the quantity or focation of load
iems 1s changed, the calculations must be revised and
the moments rechecked.

February 1979 6-15

BEECHCRAFT Sundowner 180 Section VI
C23(M-1285 and After) Wtand Bal/Equip List

GROSS WEIGHT MOMENT LIMITS

MNORMAL CATEGORY)
=T - [T Fon)
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L) AL J e ] " e . 100 08
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180 | 1ges w0 L | 207 2200 § 230 | e 213
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BEECHCRAFT Sundowner 180 SectionV1
C23(M-1285 and After) Wtand Bal/Equip List

WEIGHT AND BALANCE LOADING FORM
MODEL DATE

SERIAL NO. REG NO.__ NXXX

ITEM WEIGHT MOM/100
. BASIC EMPTY CONDITION
. FRONT SEAT OCCUPANTS
. 3rd & 4th SEAT OCCUPANTS
. BAGGAGE OR CARGO

. SUB TOTAL
ZERO FUEL CONDITION

. FUEL LOADING ( GALI}

7. SUB TOTAL
RAMP CONDITION

8. "LESS FUEL FOR START,
TAXI, AND TAKE-OFF

9. SUB TOTAL
TAKE-OFF CONDITION

10. LESS FUEL TO
DESTINATION ( GAL)

11. LANDING CONDITION

N dlW N -

o

*Fuel for start, taxi and take-off is normally 5 Ibs at an average
mom/100 of 6.

BASIC EMPTY
REG NO, CONDITION MOM/100
N6014M 1590,0 1bs 1778
N60171 1525.0 1bs 1688
N18325 1580,5 1bs 1792
February 1979 6-17

Section VI BEECHCRAFT Sundowner 180
Wtand BalEquip Lis . C23(M-1285 and After)

The following Sample Loading chan is presented to depict the
sampie method of computing 8 load. Weights used DO NOT reflect
an actual airplane loading.

WEIGHT AND BALANCE LOADING FORM

MODEL c23 DATE
SERIAL NO. __ M-XXXX REG NO.__ NXXX
ITEM WEIGHT | mMOMA00
1 BASIC EMPTY CONDITION 1600 1650
2 FRONT SEAT OCCUPANTS 340 374
3 3rd & 4th SEAT OCCUPANTS| 340 482
4. BAGGAGE OR CARGO 40 67
5 SUB TOTAL
ZERO FUEL CONDITION 2220 2573
6. FUEL LOADING (37 GAL) 222 259
7 Anp mm”_...u:.oz 474(4\ 2442 2832
8. *LESS FUEL Fe N7
TAXI, AND TA| ZorF -5 -6
9. SUB TOTAL
TAKE-OFF CONDITION 2437 2826
10 LESS FUEL TO
DESTINATION (25 GAL) 150 176
11 LANDING CONDITION 2287 2650

“Fuel for start, taxi and take-off 1s normally 5 Ibs at an sverage
mom/100 of 6

6-16 February 1979
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819

FRONT SEATS 3RD AND 4TH SEATS | ? 'g"
‘FWD POS. | "AFT POS. || BENCH SEAT | SPLIT SEAT 25
t1ARM tARM ARM ARM ARM G @ 2
**104 **105 112 142 144 o % =

WEIGHT MOM MOM MOM MOM MOM c s

100 100 100 100 700 £

120 125 126 134 170 173 e ¢

130 135 137 146 185 187 o =2

140 146 147 157 199 202 8 =

150 156 158 168 213 216 g g @
160 166 168 179 227 230 2 m
170 177 179 190 241 245 z 3 Q
180 187 189 202 256 259 o » Q0
190 198 200 213 270 274 E v>
200 208 210 224 284 288 g 27
3 g sf
g *EMectve M-1285 thru M-2006 z @@
3 ttEHective M-2007 an wn 5%
o ‘Rechining seat with back n full-up position : g
cs **Values computed trom a C G. critenon based on a 170 pound male Ditferences in 3 ;
™) phys:cal characteristics can cause variation in center of gravity location 20

N ey o o0
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BEECHCRAFT Sundowner 180 Section V|
C23({M-1285 and Atter) Wtand BalEquip List

USEFUL LOAD WEIGHTS AND MOMENTS

ol
(Inciuded in Basic Empty Weight)
ARM 48
ars wT MOMENT/100
8 15 7
USABLE FUEL
ARM 117
GALLONS WEIGHT MOMENT/100

5 30 3s
10 60 70
15 80 105
20 120 140
2 132 154
25 150 176
27 162 189
30 180 211
32 192 225
35 210 246
37 222 259
40 240 281
45 270 316
50 300 as1
52 312 385
55 330 386
57 342 400
58 348 407

February 1979 8-19

A-44




Section VI BEECHCRAFT Sundowner 180
Wtand BalEquip List C23{M-1285 and After)
USEFUL LOAD WEIGHTS AND MOMENTS
BAGGAGE
ARM 167
MOMENT
WEIGHT 100
10 17
20 33 ]
30 50
40 67
50 84
60 100
70 117
80 134
90 y 150
100 167
110 184
120 200
130 217
140 234
%
1
8-20 February 1979
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APPENDIX B

Test Plan
Sierra C24R Limited Performance
Evaluation
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UNITTED STATES AIR FORCE ACADEMY
COLORADO 80840

DEPARTMENT OF A¥' ONAUTICS

AERO 495

TEST PLAN

STERRA C24R LIMITED PERFORMANCE EVALUAT [ON

JUNE 1982
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FEST PLAN
DEPARTMEN] O AFRONAUT IO
! SIFERRA C24R LIMITED PERFORMANCE EVALLATION

JUNE 1982

i test o plan has been prepared by - i
Y e
K‘L\r R.

INSLAW Nuy rLousM
Acro 495 LOUth Direcror
Department ot Aeronautics

\ R

G lerend s \ : ey

v t M _L(L(.\th Q_ kOl LAy —
WILLIAM €. ROBLRSON, Captain, bl
Aero <499 Course Pilot

Department of Aeronautics

/ ,

/ /! 7

b tow by : /:/&/,/,/,"./

LAND <

ﬁ{c/.{/ é”y

Director of l]lhht Operat ton
Hedrick Beecheraft ine.
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TEST PLAN
DEPARTMENT OF ALRONAUTICS

SIERRA C24R LIMLITED PERFORMANCE FVALUATION

NATRODUCTTON

A timited performance evaluation of the Becch Sierra C24R will be condios
it the .5, Alr Force Academy by Department of Aeronautics (DFAN) taculty oi.
aad the ctudents enrolled in Aero 495, Flight testing will be conducted Juring
the prine semester from the fifth to tenth week of classes. Results ot lin
cviuation will be presented in a formal oral report given bv cach of tw S

ol tedms,

ss e TIVES

fhe objectives of this evaluation are to determine the Sierra CZ2iK's cone el
vertormanee characteristics and to compare them to the contractor's T
In wdditfon, certain contractual guarantees are verified. Specific objectives
foltow.

Pagnt Maoaal .

A. lakeolf Performance

- determine takeoff power ground roll using the Flight Manual tuxcort
procedure

- verify the takeoff performance predicted in the contractor's Flight
Manual

", ‘j.l,! _’[‘,’,’, Pertormance
- determine the full throttle maximum rate of climb
- determine the tull throttle best angle of climb

- verity the ¢limb performance predicted in the contructor's Fliyni
Manual

C. Level Turn Performance

- determine the level sustained turn performance in cruisc power a
', /00 rpm

determine the speed for optimum sustained turn pertormance At (.
test altitnde

ir, trulse Pertorman, e

- determine the dirspecds and rpm for maximum range atd moax fim
endurance as derived from test data

determine the aircraft drag polar

compare test results with the contractor's Flight Manaal

B-5




k. Descent Pertormance
- determine the propeller windmilling best no wind glide ratie

- determine the best glide speed and minimum sink specd Wit propc e
windmil] {ny

- compare test results with the contractor's Flight Mannal masinum
gl ide contiguration of 91 knots

F. tontractual Guarantees «
max imum speed at sea level-142 knots
cruise gpeed at 75% power, 10,000 feet~137 knots

- range with 45 minute reserve at 75 power at 10,000 tcet—=04n nont o
miles

- rate of climb at sea level-927 ipm

- gervice ceiling-15,385 feet

ACTTHOKYTY

Phiis test orogtam will be conducted by Department of Acronaut ics facuts. o
students as an Integral part of the curriculum for Aero 495, a4 course in o liobig
fest techniquaes.  The program has the approval of the Superintendent, the Doan oo
the Facultv, the Head ot the Department of Aeronautics, and the Director 0. Flight
Opetation ot Hedrick Beecheraft Inc.

TEST FLAM URGANLZATION

Fest team organization shown in Figure | will consist of twe DFAN fcatt
phlor i two stadent tlight test engineer teams. Each test team will He cossicrod
to tio with one tavulty pilot. A Test Director for each team will be appainiel (o
covrdinae the entire cvaluation effort. He will in turn appoin® individua’, (.

o vharye o each test area (i.e., data monitors). It will be the data meniv.
tespoas ity to specity the tests to be flown in support of his test arcg e
Atvas fo be adslgned are takeoff, climb, turn, cruise and descent pertorma. .
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COl. DALEY

Fo D REFCTOR
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SCOPE/SCHEDULE
The evaluation will consist of sorties as specified in Tabic I.

Table 1. Data Sorties

Sorties Flight iime
Test Per Test Tecam Per Sortic
Flight =1 2.5 i.0
lakeott Poertoraance
Cruise Portormance
furn Pertormance
Flight #. 2.5 V0
Takcolt Perturmance
t1imbs and Descents
*lotal 5

*One sortlc will be shared by both test teams.

Vi, ht o #l and #2 are scnheduled as shown on the Integrated Alademics and Fivin
Schedule tor Aero 49>, Mission time will not exceed 1.0 hour,

LIMITATTONS
the tollowing limitations will be observed during tivis evaluation.

A.  The aircratt will be operated in accordance with the Adrplane Fli;nt
Manual, FAR Part 9] and all Beech Aero Club Operating Instructions.

5. All data sorties will be flown with one DFAN faculty pilot and two

corde U,

lestioy will anly be accomplished under VIR daytime conditions
10,000t MSL and below,

. All testing will be accompl ished within the local !lving arca o
Colorado Springs.

TEST ATRCRAFT DESCRIPTION

Fhe Beevihicratt Sierra CZ24R, manufactured by Beech Aircratt Corporation.
o v sixeplace, retractable, general aviation aircraft powered by one Tuci-
tnfected, w=-ovidinder, 200 HP Avco Lycoming engine. The prope!ler is .
far izl constant-speed, two-blade, aluminum-alloy prop with spinner.  Sc
Firare 2 tor general dimens{ons and Table 2 for Alrcraft Limitations.




BEECHCRAFT
Sierra C24R

THREE VIEW

Fivure 2. Three View of Sierr. [GRTAN
(Reference 1)




Fable 2. Alrcratt Limitations

Las
Knots/mph

Never Exceed Speed (VNE) 168,193
Maxtmum Maneuvering Speed (VA) 125/148%

é Maximum Cruising Speed tn Turbulent Air (VV) 13/ s

E T Stall Specd Gear and Flaps Up (2,600 1bs) TRV

’ (power idle)

| Max imum Ramp Weight 2,785 1bs
Maximum Takeoft Weight 2,750 b
“aximum Landing Weight 2,700 1L
Fliaht Maneuvering Load Factor Flaps Up +3.8 s =1.9G
Flight Maneuvering Load Factor Flaps Down +1.9G

Magenver, Bank Aagles No More Than 60°

Service Cefling 15,385 feet

jvst Pian Ceiling 10,000 feet

FLIGH. TEST NS TRUMENTATTON

Vi orest Jdata will be hand recorded u